Introduction
The clinical symptoms of intramedullary spinal masses, such as back pain, radiculopathy and myelopathy, are nonspecific; therefore responsibility falls on the radiologist to provide a relevant differential diagnosis. The imaging gold standard for the evaluation of intramedullary masses is magnetic resonance imaging (MRI). On MRI, almost all intramedullary neoplasms expand the spinal cord, with variable post-contrast enhancement; absence of a combination of these features should suggest a non-neoplastic aetiology. 1 Further associated imaging findings include spinal canal remodeling, syrinx formation, and tumoural and non-tumoural cysts. 2 The most common differential diagnoses to be considered for intramedullary masses are malignant neoplasms (glial and non-glial tumours), benign neoplasms and, considering the large HIV-positive population, infective aetiologies. Spinal cord ependymomas are the most common intramedullary neoplasms in adults, and astrocytomas in children; combined, they constitute 70% of intramedullary neoplasms. 1 The aforementioned neoplasms, together with gangliogliomas, comprise the most common intramedullary spinal glial tumours. Non-glial neoplasms include vascular tumours such as haemangioblastomas and paragangliomas, and less common neoplasms such as lymphoma, primitive neuroectodermal tumours (PNETs), solitary fibrous tumours and metastases. Benign neoplasms include epidermoids and lipomas (Table 1) .
3,4

Glial neoplasms Ependymoma
Ependymomas are the most common intramedullary spinal neoplasms in adults. 5 Most of these are low-grade neoplasms (i.e. World Health Organization [WHO] classification grade I or grade II). Histologically, the cellular subtype is classic and the most common ( Figure 1 ). 1 As these neoplasms arise from the ependymal cells lining the central canal, they are located centrally in the spinal cord, grow concentrically outward, are well circumscribed and demonstrate intense homogenous post-contrast enhancement. Cystic degeneration is seen in 50% of cases and haemorrhage is common at the superior and inferior margins; this causes the so-called haemosiderin 'cap sign' identified as hypointensity on T2-weighted images (T2WI) seen in about 20%-33% of cases. 1, 5 Six histological subtypes are recognised; of note is the myxopapillary subtype which has a predilection for the conus medullaris and filum terminale, and represents the most common conus neoplasm. These neoplasms occur predominantly in young men and may occasionally demonstrate high signal intensity on both T1WI and T2WI, a finding that reflects mucin content or haemorrhage. 1 However, the imaging findings are generally non-specific and the conus medullaris location should be suggestive of the diagnosis (Figure 2 ).
Astrocytoma
Astrocytomas arise from astrocytic glial cells and are the most common intramedullary tumours in children. 2 These are usually low-grade neoplasms, with less than 2% being glioblastomas ( Figure 3 ). 5 Unlike their intracranial counterparts, spinal astrocytomas often demonstrate patchy postcontrast enhancement. They are usually eccentrically located within the cord and ill-defined owing to their infiltrative growth pattern. As cerebrospinal fluid (CSF) dissemination may occur, imaging of the entire neuraxis is recommended. 
Read online:
This pictorial essay provides a classification system for the most common intramedullary spinal masses and describes distinguishing imaging features that will aid the radiologist in providing a relevant differential diagnosis to guide further management.
Diffusor tensor imaging (fiber tractography) has been used to differentiate ependymomas, which displace rather than infiltrate white-matter tracts, from astrocytomas that disrupt the descending fibres ( Figure 4) . 5, 6 It is very difficult to distinguish ependymomas from astrocytomas on imaging, but Table 2 provides some detail that might help to simplify the process.
Mixed neuronal/ glial neoplasm Ganglioglioma
Gangliogliomas are low-grade neoplasms that occur in people at an average age of 19 years, and represent a mixture of neuronal elements (ganglion cells) and glial elements (primarily neoplastic astrocytes).
1 A study by Patel et al. found that 84% of gangliogliomas had mixed signal intensity on T1WI (which is a unique finding for spinal neoplasms) and speculated that this was because of the dual cellular Page 2 of 7 population. 7 These neoplasms may involve long segments of the cord (commonly extending more than eight vertebral body segments), contain calcifications and often have very little surrounding oedema. 1 These neoplasms are capillaryrich nodular masses abutting the leptomeninges, with prominent dilated and tortuous vessels on the cord surface ( Figure 6 ). Their appearance may reflect the classic cystic lesion with an enhancing mural nodule, commonly seen in their intracranial counterparts (Figure 5b ). Syrinx and spinal cord oedema are characteristic findings even in small tumours. 8 Imaging of the entire neuraxis is recommended for patients with a positive family history of von HippelLindau syndrome.
Paraganglioma
Paragangliomas are neuroendocrine neoplasms arising from paraganglia. Paraganglia are accessory organs of the peripheral nervous system. 1 They are encapsulated, highly vascular neoplasms with a predilection for the conus medullaris, cauda equina and filum terminale. 8 Haemorrhage produces the 'cap sign', and intratumoural vessels with flow voids are common features of this tumour. Occasionally the characteristic 'salt-and-pepper' appearance, similar to neck and skull base paragangliomas, may be seen.
Rare non-glial neoplasm Lymphoma
Primary intramedullary lymphomas are rare, comprising 3.3% of central nervous system (CNS) lymphomas. 9 There are only a handful of reports on the MRI findings of intramedullary lymphomas that describe high signal intensity on T2WI in contrast to the low signal intensity found in intracranial lesions and non-specific post-contrast enhancement ( Figure 7 ). 1 Cerebellar medulloblastoma has also been known to cause intramedullary metastasis. 1 Spread may either be haematogenous or from the leptomeninges. Intramedullary metastases show avid post-contrast enhancement and profuse oedema which is often disproportionately extensive compared with the size of the lesion.
8 Associated cysts are rare, compared with primary neoplasms. As cord expansion may be mild, differentiating intramedullary metastasis from demyelinating conditions can be difficult.
Solitary fibrous tumour
Solitary fibrous tumours (SFTs) are uncommon spindlecell neoplasms that typically arise in the pleural cavity. The first CNS SFT was described in 1996 and has received great attention since then. 10 These tumours typically occur in adults and are usually well-circumscribed and show homogenous enhancement post contrast. Until this point, we have not dwelled on signal characteristics of the described conditions, as most spinal cord neoplasms are hypo-to isointense on T1WI and hyperintense on T2WI, offering no assistance in differentiating individual intramedullary neoplasms. SFTs, however, demonstrate hypointense signal on T2WI, clearly defining this from other intramedullary neoplasms ( Figure 9 ). This unique imaging appearance is caused by the hypocellularity of, and abundant collagen stroma within this tumour.
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Primitive neuroectodermal tumour
Intramedullary primitive neuroectodermal tumour (PNET) is a rare, aggressive embryonal tumour and is more commonly seen secondary to metastatic spread through the CSF from an intracranial primary tumour. Intramedullary PNET is slightly more common in young adults than in children.
2 MRI findings are non-specific including T1 hypointensity, T2 hyperintensity and avid post-contrast enhancement.
a b FIGURE 5:
Multiple cord haemangioblastoma in a 27-year-old man with von Hippel Lindau syndrome. The contrast-enhanced sagittal T1-weighted image (a) demonstrates multiple enhancing nodules along the cord (white arrows) with associated cystic components (yellow arrows). The contrast-enhanced axial T1-weighted image (b) demonstrates the classic cystic lesion (yellow arrow) with an enhancing mural nodule (white arrow), commonly seen with CNS haemangioblastomas. 
Atypical teratoid/rhabdoid tumour
Atypical teratoid/rhabdoid tumour (ATRT) is a rare intramedullary tumour that mainly occurs in children less than 2 years old, and shares MRI characteristics with PNETs. 
Benign neoplasms Epidermoid
Intramedullary epidermoids are ectodermal inclusion neoplasms that result from anomalous implantation during neural tube closure. 12 Progressive desquamation of keratin from the epithelial lining into the interior of the neoplasm produces a cystic lesion that follows CSF intensity on T1-and T2-weighted sequences but demonstrates characteristic 'dirty' or heterogenous hyperintense fluid-attenuated inversion recovery (FLAIR) signal and restricted diffusion on diffusion-weighted imaging, which aids in differentiating this neoplasm from others.
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Lipoma
Intramedullary lipomas consist of normal fat. The pathophysiology of these lesions is poorly understood. They usually occur along the dorsal midline of the spinal cord but rarely infiltrate the cord.
14 They follow fat signal on all sequences and suppress on fat-supression sequences.
Infective masses Abscess
Intramedullary suppuration of the spinal cord is rare. Diagnosis of an intramedullary abscess should be considered in cases of acute neurological deterioration referable to spinal cord fall-out. CSF analysis plays an important role in differentiating between neoplastic and infective masses on initial imaging. 8 Chronological MRI changes in intramedullary abscesses are similar to those in the brain. In the early stages of infectious myelitis, MRI demonstrates hyperintensity on T2WI with poorly defined enhancement a b c FIGURE 8: Intramedullary conus medullaris metastasis from a primary bronchus carcinoma in a 56-year-old man. Sagittal T1-weighted image (a) demonstrates irregular expansion of the conus medullaris (white arrow) with a focus of hyperintensity posteriorly (yellow arrow). Sagittal T2-weighted image (b) reveals abnormal hyperintensity throughout the expanded region (red arrows) with associated heterogenous hypointense areas (blue arrows). Cord oedema is also seen extending superiorly (white arrowhead). Contrast-enhanced sagittal T1-weighted image (c) displays patchy but intense enhancement (black arrow). 
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on post-contrast T1WI; ultimately the mass becomes less diffusely hyperintense on T2WI, with more clearly defined marginal post-contrast enhancement.
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Tuberculous granuloma
Tuberculous granuloma (tuberculoma) needs special mention owing to its characteristic caseating solid centre demonstrating hypo-to isointense signal on both T1-and T2WI with post-contrast rim enhancement ( Figure 10 ).
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Hydatid disease
Although intramedullary hydatid disease is extremely rare, owing to its endemicity, it should be considered in the differential of a cystic intramedullary mass. Spinal cord hydatid disease follows CSF signal intensity on all sequences but differs from its intracranial counterparts in that it does not demonstrate rim enhancement post contrast and rarely calcifies ( Figure 11 ). 
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